A new experimental technique is described whereby a material is heated to very high temperature (T), shock compressed to high pressure (P) (and higher T), and the compressional elastic wave velocity of the high P and T state is measured. This method has been applied to the high-pressure standard molybdenum at pressures between 12 and 81 GPa and at an initial temperature of 1400øC. The compressional velocity of Mo at 2450øC and 81 GPa is found to be 7.9! kin/s, compared to a calculated value of 8.36 km/s at 81 GPa along the 25øC isotherm. Data for molybdenum, a number of other metals, and a silicate yield a consistent trend which can be used to determine the scaling coefficient between compressional velocity and temperature at geophysically relevant conditions.
Introduction
Lateral variability of longitudinal and shear wave velocity has been extensively documented throughout the Earth including the upper mantle [Natal et al., 1986] , subducting slabs [Engdahl and Gubbins, 1987] , the lower mantle [Dziewonski and Woodhouse, 1987] , and the D" region at the base of the mantle [Wysession et al., 1992; Silver and Bina, 1993] . Tomographic studies yield compressional wave velocity (Vp) anomalies with RMS amplitudes of ~0.3-0.5% in the upper mantle and the D" layer and ~0.1-0.2% in the lower mantle [Dziewonski and Woodhouse, 1987; Hager and Clayton, 1989 ]. This variability occurs on distance scales of l0 s to 104 km. If the velocity anomalies result from thermal effects, the temperature differences driving mantle convection could be inferred. However, the relationship between seismic velocity and temperature must be known.
The earliest interpretations [Hager and Clayton, 1989] of the seismic anomalies were based on ambienbpressure temperature coefficients of velocity which tended to minimize the temperature differences driving mantle convection. There are few experimental constraints on the pressure dependence of this quantity. Ultrasonic Recently, compressional wave velocities obtained under shock compression from a 25øC initial state were used to infer temperature coefficients of velocity by comparing shock measurements at P > 50 GPa and T > 1500øC with room temperature ultrasonic data extrapolated to high pressure [Duffy and Ahrens, 1992] . Results for A1, Cu, W, Ta, and the high-pressure phases of Mg2SiO4 indicate that I(OVp/cqT)p[ decreases by a factor of ~5 (for Cu, A1, and Mg2SiO4) relative to ambient values at P ~100 GPa, which is equivalent to a depth of 2250 km in the Earth. These data are subject to uncertainties due to extrapolation of the ultrasonic data and uncertainties in the calculated shock temperatures. In this study, these problems are overcome by pre-heating the sample to a known high temperature prior to compression. (Fig. la) . Prior to impact, the samples were heated to near 1400øC using a radio-frequency heating system [Miller et al., 1988] , and the temperature was measured to +1øC by a Pt-Pt10%Rh thermocouple. The velocity of the rear surface of the Mo sample was measured using a time- Decompression of the sample results from a rarefaction wave propagating from the rear of the impactor (Fig. !b, Fig. 2 (inset) from the Mo rear surface perturbs a region near the free surface of the sample through which the rarefaction wave must pass (Fig. 2, inset) . This uncertainty was minimized by including a correction term and restricting the perturbed region to less than 10% of the sample thickness. It has also been argued from mi- (Fig. 4) . Values of x between 2 and 7 describe most of the current data. Fig. 4 also implies that x is material dependent, which highlights the need for more measurements on materials of direct geophysical relevance. The scatter in the data for a given material is an indication of the experimental uncertainty. On the basis of the current data set, we conclude that the temperature coefficient of Vj> is less than 50% of its ambient-pressure value for a compression corresponding to the base the Earth's mantle, while it is plausibly 60-90% of its ambient value at a compression corresponding to the top of the lower mantle (Fig.  4 ). 
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